INTRODUCTION
The leishmaniasis are a group of diseases transmissible between humans and animals, caused by obligate intracellular protozoa of the genus Leishmania and transmitted by the bite of various species of phlebotomine sand-flies (Bailey and Lockwood, 2007) . There are researches suggested that the domestic dog (Canis familiaris), which is already incriminated as the primary reservoir host of zoonotic visceral leishmaniasis (ZVL) and may have a reservoir role in the domestic transmission of human cutenious leishmaniasis caused by Leishmania braziliensis, L. panamensis, and L. peruviana (Reithinger and Davies. 1999 ). Canine leishmaniasis is a widespread protozoan infection in South Asian countries and caused by Leishmania donovani (L. donovani) complex (Alvar et al., 2006) . Dog is the domestic reservoir of the parasite (Bryceson, 1996) but other canids could have served as carrier of infection. Visceral leishmaniasis has been described in red foxes in Italy (Mancianti et al., 1994; Dipineto et al., 2007) , France (Rioux et al., 1968) , Portugal (Abranches et al., 1983) and Spain (Criado-Fornelio et al., 2000; Dantas-Torres., 2007) and prevalent throughout the tropical and sub-tropical regions of Africa, Asia, the Mediterranean, Southern Europe (old world) and South and Central America (new world). The disease in human is endemic in 61 countries and is responsible for the annual disability of 1.81 million people and 57,000 lives Reithinger and Davies., 2002) . Greater than 90% of VL cases occur in Bangladesh, Ethiopia, Brazil, India, Nepal and Sudan (WHO, 2005) , while the equivalent number of cases of cutaneous leishmaniasis occur in Afghanistan, Algeria, Brazil, Iran, Peru, Saudi Arabia and Sudan (Khanjani et al., 2009 ).
Clinically and epidemiologically, there are two main forms of VL in canids: zoonotic visceral leishmaniasis (ZVL) and anthroponotic visceral leishmaniasis (Reithinger and Davies. 1999) . ZVL is caused by L. donovani (Srivastava et al., 2011) , L. infantum or L. chagasi and is distributed in Europe, Asia, Africa, and Latin America (Lise et al., 2010) . In most of these regions canine infection with L. infantum is the cause and therefore, act as reservoir of infection for human VL. Accurate and rapid detection of VL in canids is difficult due to its variable symptomology and as well as lacking of proper diagnostic facilities. The prevalence of canine leishmanial infection in endemic areas is very important for the epidemiological investigation, zoonotic point of view and as well as adopt future control strategies.
Parasitological, serological and PCR detection were extensively used to investigate canine clinical or subclinical infection with Leishmania organism (Quaresma et al., 2009 ; Admitriy et al., 2011; Veronica 2011) . The prevalence of VL in the canids has never been investigated in Bangladesh. This study was aimed to investigate the occurrence of leishmanial infection in golden jackal of BAU campus. Impression smears from the liver, spleen, bone marrow and blood was stained with Giemsa's to identify the presence of either the pro or amastigote stages of the parasites. A systemic gross and microscopic investigation on to the visceral organs of jackals were also carried to evaluate host response following subclinical infection. Studies demonstrated that PCR method is more sensitive and specific than parasitological and serological methods ( 
MATERIALS AND METHODS
Randomly selected and sexually mature five golden jackals of both sexes were collected from the residential area of BAU campus, Mymensingh during the period from June 2010 to December, 2011. Systemic dissection and investigation were carried out onto visceral organs. Venous blood, liver, spleen, kidney and bone marrow were examined using Giemsa's staining, hematoxylin and eosin (H&E) staining and PCR amplification for the detection and differentiation of the species of protozoa involved in the disease processes.
Examination of impression smears
A thin smear of venous blood, smears from the liver, spleen, kidney and bone marrow of golden jackals were made onto clean, grease free slide, dried in air and fixed in absolute ice cold methanol (acetone free) for 15min. The slides were dried in air and stained for 40min in working Giemsa's solution (Luna, 1968) . Slides were washed in running tape water for 30sec, dried in air and examined at low (10x) and high power (40x and 100x) microscopic field. An extensive investigation for the presence of pro -and amastigote stages of leishmanial protozoa in blood, in tissue spaces and in macrophages of various organs were employed and protozoal morphology was investigated and images were captured.
Histopathological investigation of tissue changes
During necropsy spleen, liver, kidney and bone marrow were collected and fixed in 10% buffered neutral formalin. Formalin fixed tissue samples were trimmed, processed, sectioned and stained with H&E (Luna, 1968). A low (10x) and high power (40x, 100x) microscopic analysis were carried out to observe the changes in the internal organs specific to VL. Emphasis was given to investigate the presence of amastigote stage of leishmanial protozoa in macrophages.
PCR detection of the species of Leishmania
Genomic DNA of golden jackals was extracted from the liver, spleen, kidney and bone marrow as per manufacturer's instructions (Promega Corporation, Madison, USA). The DNA samples were evaluated quantitatively and qualitatively using spectrophotometry (A 260 and A 280 ) and agarose gel electrophoresis. Three sets of primers (Table 1) were used to identify the species of leishmanial protozoa involved in the disease processes. PCR reactions were performed onto each DNA sample in 20µl reaction volume containing nuclease free water, 2x PCR master mix (Promega Corporation, USA), 20pmol forward and 20pmol reverse primers and 300ng to 350ng DNA template. A total of 45 cycles of DNA amplification reaction for L. donovani and L. brasiliensis and 30 cycles for L. infantum were carried out. The thermal profile used for L. donovani comprised an initial denaturation for two minutes at 94°C followed by 45 cycles of DNA amplification reaction in a Master Cycler (Master Cycler Gradient, Eppendorf, Germany). The condition of PCR amplifications were denaturation for 60sec at 94°C, primer annealing for 90sec at 62°C and extension for 30sec at 70°C followed by a final extension for 10min at 70°C. The thermal profile used for L. brasileiensis comprised an initial denaturation for 4min at 94°C. The conditions of amplifications in PCR System were denaturation for 30sec at 94°C, primer annealing for 30sec at 50°C and extension for 30sec at 72°C followed by a final extension for 10min at 70°C. The thermal profile used for L. infantum comprised an initial denaturation for 4min at 94°C. The conditions of amplifications in PCR System were denaturation for 45sec at 94°C, primer annealing for 45sec at 50°C and extension for 30sec at 72°C followed by a final extension for 10min at 70°C. The PCR reactions were finally terminated by adding 3µl 50mM EDTA and PCR products were analyzed by electrophoresed in 2% agarose gel, stained with ethidium bromide and examined under UV light using an image documentation system (Cell Biosciences, Alphalmager HP, USA). Table 1 . Primers and their sequences used to identify the species of leishmanial organism in golden jackals at BAU campus
Primers name Sequence
Product Size
Species of organism
References
RESULTS AND DISCUSSION
A systemic necropsy, impression smear staining with the Giemsa's, detailed histopathology and species specific PCR were applied to know the occurance of VL in golden jackals of BAU campus. The PCR amplification protocol appeared most sensitive tool in terms of detecting specific infections with L. donovani, L. brasiliensis and L. infantum in golden jackals. As the animals were subjected to thorough necropsy, genomic DNA was extracted from the internal organs to confirm the presence of leishmanial species in the visceral organs where most lesions were seen.
In this study, the golden jackals investigated were apparently healthy and major gross changes characteristics of VL were not observed either in spleen, liver, kidney and bone marrow. However, in common the spleen appeared relatively larger. Results of impression smears staining showed the presence of leishmanial amastigotes in circulating monocytes (while the jackals were collected at night) and macrophages of spleen ( Figure 1 ). Promastigote stages of the parasite was commonly detected in the impression smears prepared from spleen, liver, kidney and bone marrow (Figure 2 ). The concentration of leishmanial promastigotes (per 10x microscopic field) appeared higher in the impression smears prepared from spleen (N= 10-23), followed by kidney (N= 5-7), liver (N= 4-6) and bone marrow (N= 3-4). The promastigotes (Figure 2 ) possesses a long tail and a head with variable morphology. Under oil immersion microscopy the head showed variable morphology like sperm head shaped, club shaped, heart shaped, oval shaped or sometimes in balloon shaped (Figure 2) . A tail of variable length (about 5-70µm) and width (0.2-1µm) was found to attach with the body of the protozoa (7-12µm). Using smear microscopy, the species of leishmania involved whether pathogenic or non pathogenic remain undetected. During impression smear staining the morphological pattern of the head and tail of the protozoa revealed that while the protozoa turn in pre-promastigote stage (Figure 1, b) released in blood, possesses very tiny tail, later on the tail grow bigger, swim in blood before infecting/ engulfing by new macrophages. About 5-15 pre-promastigotes were found to liberate from each infected macrophage (Figure 1, a & b) . The reason of not detecting promastigote phases of the protozoa in the circulating blood of jackals could be due to nocturnal affinity of the protozoa (Torres, 2007) and the animals collected and examined at day time. However, comparative data on to the morphologic analysis of the developmental stages of lerishmanial protozoa in man and animals is very limited. Al-Shanawi (1975) investigated clinically suspected cases of visceral leishmaniasis (83.4%) in canids and identified positive cases by examining bone marrow. However studies showed that bone marrow examination was the least sensitive method for the detection of visceral leishmaniasis Jassim, 1998; Ataya et al., 2001 ). Our study showed that impression smears prepared from sternum and stained with Giemsa's showed promastigotes, however, the number per 10x microscopic field were relatively lower compared to the load of promastigotes in spleen, kidney and liver. The load of promastigotes per microscopic field in the impression smears of spleen were always appeared higher compared to other organs.
Results of histopathological examination showed scatterdly distributed nodular lesion in liver (Figure 3a) , consisting of closely packed collection of lymphocytes, macrophages and circumscribed by fibrous connective tissue. Most striking lesion seen was around the central veins (Figure 3b ) of liver and there was lysis of affected hepatocytes. The necrotic area was desolated and few migratory stages of leishmanial protozoa was seen as elongated body. The leishmanial stages could have entered into the veins and assumed to infect remote tissue. In kidney, extensive glomerulonephritis was seen. There was profuse infiltration of lymphocytes, eosinophils and macrophages in the affected glomeruli and glomerular capsules were distorted. Renal tubules found to contain light pink to purple color precipitate in their lumen and in some instances the tubules were blocked with proteinaceous renal cast. Glycogen deposition was also seen in renal tubules and this change may or may not relate to leishmanial infection. Notable changes in the bonemerrow was not seen in this study. Lujan et al. (1986) described granulomatous leishmanial lesions in monkey, consisted of macrophages containing parasites, lymphocytes, plasma cells, and occasionally eosinophils. Differences were not observed between promastigote or amastigote derived nodular lesion or strains of leishmanial protozoa involved, course of infection and variation in either the sex and ages of the hosts and geography.
In general the clinical signs due to VL in canids were variable and asymptomatic infections mostly occured in canids. In symptomatic cases, common visible signs reported were lethargy, weight loss, a decreased appetite, anemia, splenomegaly and local or generalized lymphadenopathy. Fever can be intermittent, and is absent in many cases (Calabri et al., 1997) . Chronic renal disease is common in foxes infected with L. infantum; it may be the only syndrome, and it is often the cause of death (Criado-Fornelio et al., 2000) . Some animals may also developed ocular, skin or mucosal lesions, sneezing, chronic diarrhea, vomiting, chronic relapsing colitis, chronic hepatitis, osteolytic or osteoproliferative leishmaniasis (Mancianti et al., 1986) . In this study, the jackals investigated appeared healthy at necropsy and gross lesion was not seen. Microscopically there was granulomatous reaction in the liver parenchyma. The nodule consisting of closely packed collection of macrophages replacing hepatic parenchyma (Figure 3a) but lacking of caseous necrotic centre. The reason for granulomata formation in liver following VL infection could be due to parasitized macrophages tended to accumulate, invite more reactive cells leading necrosis in the inflamed tissue and proliferation of connective tissues around tissue reaction (Tryphonas et al., 1977) . The hepatic parenchyma around the central vein was degenerated, necrotic and dissolute. There were numerous darkly stained promastigotes distributed widely around the necrosed area (Figure 3b) . The promastigote stages of the protozoa were found inside the congested central vein indicating stage of dissemination via blood. However, most notable lesion as seen in golden jackal was chronic nephrotic syndrone and renal failure could have linked with VL in canids.
The lifecycle of Leishmania indicated a free living stages of the protozoa (promastigote) in the gut of the sand fly (Phlebotomus). However, free living stages of the protozoa in the blood of the mammals can be seen immediately after the bite of sand flies and before engulfing by the macrophages (Matthew et al., 1963) . In this study results of the impression smears staining revealed free living stages (Figure 2 ) in the spleen, liver, kidney and bone marrow. It may be concluded that the free living stage (promastigote) of Leishmania is cyclically developed in mammals from amastigote stage in the macrophages. The free living stages reside in the visceral organs before they infect or disseminate nearby by tissue or remote tissue through circulation. However, using impression smears staining amsatigote and promastigote stages of the parasite was easily detected but in order to detect species of the protozoa involved require molecular technique especially PCR PCR assays have greatly improved the sensitivity and specificity to diagnose Leishmanial infection in canids (Torres et al., 2007) . However, to make this technique achievable, the sampling methods need to be noninvasive, easy and painless. Conjunctival swab (CS) presented all these characteristics, together with high sensitivity.
Using PCR on to the DNA from CS diagnosed symptomatic dogs successfully and observed 92% sensitivity (Strauss et al. 2004 ). However, Ferreira et al. (2008) found 91.7% and Pilatti et al. (2009) obtained between 73.9 and 95.6% sensitivity depending upon the PCR method used to diagnose VL. In this study as the animals were examined at necropsy, PCR amplification (Table 1) with the DNA template from the liver, spleen, kidney and bonemarrow of golden jackal were carried out (Figure 4) using primers specific for L. donovani(4a, lane 1-5), L.  brasiliensis (4b, lane 6-10) and L. infantum (4c, lane 11-15 ). But It was not possible to determine the sensitivity and specificity of the PCR we used due to lack of samples from animals with known disease status. PCR amplification with the DNA from these organs showed 145bp amplicon indicating infectivity of all jackals with L. donovani. PCR amplification using primers specific for L. brasiliensis showed the presence of 120bp amplicon in one case and could have infected with L. brasiliensis. However, PCR amplification of DNA template using primers specific to L. infantum did not develop any amplicon in any of the jackals. This study provide evidence that the jackal (N=5) at BAU campus were infected with L. donovani and one jackal was co-infected with L. donovani and L. brasiliensis. Infectivity of jackals at BAU campus with L. infantum was not detected in this study. Dipineto et al. (2007) also used PCR assay and recorded 40% (20/50) infectivity in foxes with Leishmania sp. Whereas Bettini et al. (1980) and Mancianti et al. (1994) used indirect immunofluorescence assay, enzyme-linked immunosorbent assay, and microscopy for detection of Leishmania , and reported 18% (9/50) and 6% (1/16) infectivity of foxes respectively. As there was lacking data regarding infectivity of jackals with Leishmania , to the best of our knowledge this is the first report describing the occurrence of leishmanial infection (VL) in jackals at BAU campus in Bangladesh. The result may come to an assumption that jackals can be considered as an important reservoir for leishmanial infection similar to other wild canids (Michalsky et al., 2007) .
Threat for zoonotic visceral leishmaniasis (ZVL)
The emergence of ZVL as an increasing public health problem is mainly due to demographic and ecological factors. ZVL now occurs in many regions of Latin America where it was not previously reported. In South America, especially in Brazil, Colombia and Venezuela, migration and urbanisation have largely contributed to the increasing public health problem posed by ZVL. A prime example is the massive migration that was occurred in north-eastern Brazil where, due to a long-lasting drought and its socio-economic consequences (ruined crops, starvation and miserable conditions), people had to abandon their rural location to settle in the hastily constructed shanty towns at the periphery of large cities such as Petrolina, Fortaleza, Sobral, Natal, Joao Pessoa, Sao Luis, Teresina, Jacobina and, more recently Salvador do Bahia (Jeronimo et al., 1994; Arias et al., 1996) . In poor suburbs, Lu. longipalpis, the principal Neotropical vector of L. infantum, is everywhere, dogs are numerous, sanitary conditions are poor and malnutrition is frequent. The new migrants often bring dogs, chickens and pigs with them and keep these animals in and around their houses. These conditions create an excellent habitat for vector Lu. longipalpis (Tesh, 1995; Desjeux, 2002) . Thus most of the canids in general, fulfill the required attributes to be efficient reservoirs of leishmanial infection (Torres and Filho, 2006) . Due to its close relationship with humans, the domestic dog has long been implicated as the main reservoir of L. infantum in China, the Mediterranean basin and the Americas (Lainson and Rangel, 2005; Torres and Filho, 2006) . Similar situation could have existed in Bangladesh, where cattle, sheep, goat, dogs and domestic cats are found to live in a habitat and allowing free living vector sandflies to bite and suck blood. Jackal is a common canid in Bangladesh and now a day are found to eat with dogs and cats in a same tale at BAU campus. Leishmanial infection is common in jackals at BAU campus. It is not surprising to find leishmanial infection in dogs and cats living in the teritorry (study is in progress) of BAU. It is plausible to conclude that the semidomestic jackals at BAU campus with the domestic dogs could play role in the zoonotic transmission of visceral leishmaniasis. It is virtually not possible to eliminate all the vectors of VL and carrier jackals from BAU campus and its surroundings. However, it needs to know whether human being living at BAU campus also infected with Leishmania , thus early attempt can be taken to prevent the future casualty. a b Figure 1 . Impression smears prepared from peripheral blood (a) and spleen (b) of a golden jackal and stained with Giemsa's (100x). Dark blue colour amastigotes (red arrow, left) inside the monocyte of blood was seen. A stage between pro and amastigote was seen inside the macrophages of spleen (black arrow, right) and the protozoa found to throw its tiny tail through cell wall before releasing into extracellular stage (b). Figure 2 . Morphological investigation of promastigote stages of leishmanial protozoa (black arrow) onto the organ impression smears prepared from golden jackals and stained with Giemsa's. The promastigote stage of the parasite was seen in the intercellular spaces and found to contain a tail (white arrow) and a head (black arrow) with variable morphology. Under oil immersion microscopy sperm head shaped (a, black arrow), balloon shaped (b and e, black arrow) and sometimes tadpole shaped (d, black arrow) appearance of the head of the protozoa were seen compared to non-infected control (f, red arrow) lacks promastigote. a b 
